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20h^(S)-amphetamine  is  predominantly  hydroxylated  in  the  periphery  to  (^)~p- 
I'oxyampiietamine  which  is  then  transported  to  the  brhin,  taken  up  by  noradren- 
Lc  neurons  and  converted  by  8-hydroxylase  to  8-R^)  p-hydroxynorephedrine  . 

(Fh'iN).  tvidence  is  accumulating  that  PHN  could  be  involved  in  the  development 
of  specific  noradrenergic  tolerance  to  amphetamine.  Introduction  of  a 

Cl  into  para-position  of  the  aromatic  ring  of  amphetamine  causes  a'rewarkable 
shift  of  uptake  blocking  properties  of  amphetamine  from  catecholaminergic ■ tr> 
sorotoninergic  neur-ons  and  produces  long  lasting  neurotoxic  effects  on  central 
serotoninergic  neurons.  Betiavioral  studies  in  rats  have  provided  an  animal 
model  for  3 distinct  pJiases  of  the  action  of  amplietamine : facilitation,  toler- 

ance and  post-amphetamine  depress  ion . k They  prompted  the  searcJi  for  biochemical 
correlates  and  for  the  development  of* 'pew  anti-amphetamine  drugs  which  do  not 
elicit  extrapyramidal  symptoms.  Studies  on  non-hepatic  metabolism  of  drugs  of 
abuse  have  been  initiated  during  the  tepure  of  this  contract  and  a nuiriber  of 
still  ongoing  studies  on  the  limbic  norepinephrine  receptor  coupled  adenylate 
cyclase  system  are  the  result  of  studies  partially  supported  by  this  contract 
(now  supported  by  USPHS  grants). 
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• During  t.he  toruirc  of  cont:''jct  -‘DADA  17-73-C-3130  , ■;  iiuiiil'ci'  of  pop t i ii<-‘n t 
findin;’:'  have  onioiT.-ni  which  iuive  been  reported  iiat  ioiidl  and  i n teriiat  1 on .il 
rioetint's,  are  puMi.-fn.ni  or  ai’e  contained  in  nkimir.ci’i  pt:;  .'ratmii  1 1 ed  and/or 
accepted  for  publication . Tiione  studlen  can  bo  nummai'i  ;’,od  <m  follov;;: 

1)  Studies  on  tin*  relative  i^ule  oi  storap.e  versas  r,ynthesis  of  catechola- 
!!!'"' 's  in  the  central  action  of  ainphotam  inos . 

d-Amphetainini'  aitl  dl-p-cliloi'caniphotamino  (!TA)  wort.*  niudiod  in  animal:'. 
who;:o  noradi'enerc  i c terminal:'  in  brain  had  Item  de:jtroyed  by  intravontriculai- 
b -h'.’drox'.’dopamina  (2  do:3on  of  250  ur.,  spaced  one  day  apart).  Thi::  j.irooedure 
reduced  the  level  of  Hh  in  brain  to  about  lf>k  of  its  control  value  wiiile  Ltiat  ol 
di'p. inline  (PA)  in  ti,e  ;-?i I’iatuiii  wa.s  onlv  slip.ntly  r'.'duced  (65”  of  its  contri'l 
value).  Thi'  activity  of  tyroi^ine  iiydroxV'la.S'-' , mea:;ured  by  the  coii['led  a ..".av 
of  V.’avmiri'  t't  ii.  (1071)  ami  ex;n'es::ed  as  ncl'*CO.;,/30  inin/20  mp  tissue  decreased 
'll  tl.e  striitum  t roin  22.8  ± 1.1  to  7.7  i 0.9  and  in  the  dienceplialon  from  3.5  1 

0. 1  to  2.1  t 0.1.  It  i;^  of  interest  that  such  a proc'uiure  does  not  alt-.>r  tlie 
central  action  of  PCA  and  only  .sliphtlv  reduces  tinit  of  amphetamin'.' . Keserpdni- 
r.ation  of  animals  (deplc'tion  of  remaining  :;;t:ores)  who;;e  noradrenerr.ic  neurons 
were  preferentially  destroyed  by  6 -hydroxy  dopam  i no  , completely  Ivlocks  the  actii'ii 
of  Pi'A  ami  either  enhances  or  does  not  chanp.e  tliat  of  .imphetamine.  Tl;e  psveho- 
mofor  stinulat  ion  and  s fereotvy'od  beliavioi’  elicited  bv  amplie  i.,  ipi  i rw  are  jIscj 

blocked  in  animal:;  whose  dop.iminerp,  ic  t.ernilnals  h tve  ;'.e]ect  i V"  ly  deslioV"d 

bv  fi-OiinA  inuM-tel  i n I raven  I j'icul  arl  V followiiii',  de:  ipramine.  Tln'.-'.e  diti  rrov:i;e 
nci''>  direet  evidenec  that  the  cont.ral  t I mul  a Lerv  acti>.>ii  of  impls' tarn  i m'  !: 
mediatel  thi'ou.'fi  newly  ;'vnthes  : '.-.ed  c.itoeholauim".:  , yu'ed.nminantly  PA,  whereas 

the  action  id  PCA  dep.uid;'.  on  the  store  of  e 1 1 ar:ho  1 ami  ne:: . Tiiese  re:;uli''.  are 
compat  i i'le  with  data  r'diowinp,  tliat  motor  activity  ol  lals  can  bi‘  increa;;cd  by 
dosiv'.  of  PCA  which  inure, i::o  the  turnover  r.ite  of  PA  but  not  necciisarily  tliat  of 

1. 'K  in  virion;  part",  of  the  brain.  f'i>ic,i  the  ::  t'e  riv t.iti'  conuent'i’atdon  of  PA 
renniiu;  unch.inred  ,\t'ter  PCA,  the  ilatti  nitfnt  ;;vu’,)',est  tliat  PCA  alters  the  svn- 
ihesi:;  of  catoct'.ol  amiiu';;  , pai’ I i cul  .irl  v PA  in  nerve  terminal:;  iisl  cell  bod.  i es 
in  hr  1 ! n . However,  we  found  that  I'CA  'loe:;  not  clsinr.i'  the  activity  ot'  tyrosine 
hydroxv  1 i:;e  in  the  ':triitu:ri  or  d.  i encephalon  it  the  di'Ui’  i.;  ,idmini:;t'ered.  iti  viv.'. 
yerei'V.'r,  tlie  in  vitro  addition  of  i'CA  over  ,i  10,000-fold  ranpe  doe;:  not  alter 
the  .ictivit','  of  tvro'-.ine  hvd.roxv  1 ars*  in  lu'eparai.  ieu;;  from  s i r i .i  t ■ ir.i  or  ,1  ienc'-ph.i- 
lon.  dinei'  w me  ire i red  total  cnsviiie  idivilv,  we  e.annot  rule  eul  t.h.it  th'’  drup, 
m IV  have  e nised  a :;h  i t t in  tin'  activity  ol  tyi'ti:;ine  livd.roxv  1 i';e  1 tom  the  r.eluhb- 
to  the  p.irt  icubiti'  ;y  n ip  t o;;('ma  1 fraetioii  i;;  ha.;  be.-n  re|'orle(i  to  occur  witli 

nio  t liartiplie  t . ii:i  i 11.' . It  i.;  noteworthy  in  tliis  r.'pai'.l  tliat  t It"  t hydroxvlalcd 
met  i’ 1 i I of  amphi't  .imiii'' , I'-liydroxy  imphet  ami  n.'  (le'O  airl  ;'-hy 'Iroxviiorepiiedtr  ; n>' 
(I'ilh’l,  fe  t'e  I ,..,1  *h..  ‘turnover  of  HH  in  br.iin  in  vivo  .in,i  sliy.litlv  i nh  i 1 'l''l 
tvr.':;  i 111'  hvdrc'XV  bi:,.'  iti  siriatum  ,ind  d ienueph.ilnn  in  v i t re  . 

2)  ; I'llie;;  .'11  formation  ■;!  p-hvdrox ir  u ■ 'be  b i ti" in l_j^iiij_  1 ol  low  ! n,' 

ini  11  vent  r i ':u  bir  a.  in.  ini:;  t.imj.  b'l^  ol  p-by,lr'.'Xy.iv.v_.li.  t.imi  im  . 

hi’.'.'  sliC'Wii  Mi.it  th.'  br.iin  oi  r.Ms  in  v i^^  i.;  ear  ible  ''t  termini'  ,ind 
.tr,.".r ,u  1 1 1 i Ilf,  1 ii'i''  imonnt';  of  p -livdrox'/norepfie.ir i in  (iHH)  followinj'  Mu'  in'ra 
Vent  r i .‘u  I ir  ,i  Inin  is  tr  it  i'ln  ol  dl -j'-bvdro.Vv’amph.' i .ini  m'  fl;'!!)  wln'r.' i.-  ii'i)',  1 ' f.  i b b' 
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•arr.ounts  of  PHi:  could  b-.-  deti'Cto'd  foli  .iiic  'the  Intr’.ivonti'icular  adininictration 
of  d-amphet;aTriirie . Thua  , 57%  and  55%  of  the  total  radioactivity  at  4 and  12 
hours,  raaj;ectivcly , followirif’  the  in  t-i\aventricular  administration  of  I'Ol!  consist 
(T.f  PHN.  '.iliile  the  amount  of  POil  doclines  from  1229  to  93  mpe , its  il-liydroxylated 
derivative  PHN  act:umulated  to  the  level  of  approximately  300  rnpe.  At  4 houi’s  , 

Pi-h  represented  6%  of  the  initial  iritraventr icular  dose.  4y  12  liours , tlie 
amount  of  PIIK  had  declined  only  sliphtly  to  5%  of  t!ie  initial  dose.  Following 
the  intraventricul ar  administration  of  ^H-d-amplietaraine , the  drug  disappeared 
rapidly  in  accordance  witii  its  very  short  lialf-life  following  intraventricular 
administration.  Only  residual  amounts  of  amphetamine  remained  at  the  end  of 
4 and  12  hours  and  only  small  an, ousts  of  radioactivity  were  found  in  the  J>Cli 
and  PUN  fractions.  Moreover,  PHN  did  not  accumulate  in  brain  tissue  as  it  did 
following  the  intraventri cular  administration  of  POH.  These  studies  support 
the  view  that  the  aromatic  hydroxy lat ion  of  ampiiel ami ne  occurs  in  the  periphery, 
that  POH  is  then  transported  to  the  bi'ain,  tal  en  up  ly  rioradr'  n'UT i c nf-urori". 
and  convei‘’ted  to  filN  by  dopamine  B-hydro.xvl.ine.  bince  t!ie  accumulation  oi  i HN 
in  noradrenergic  neurons  may  he  Involved  in  tne  dev'-lopm'-nt  of  toloi'aricc-  to 
certain  actions  of  amphetamine,  it  will  bt'  pertinent  to  dotr.rmino  tlic  ster-io- 
selectivity  or  stereospeci f icitv  of  the  in  vivo  oxidation  of  iS)-(+)-amphetamine 
and  to  determine  tlie  absolute  conf igurat ion  of  Pi!N'. 

3 ) Tlie  action  of  (S)-(t)  - and.  ( K) -i  - ) -p-subs  t i tut. -d  i:.iphctami  i..  ■ livdroch  ] or- 
ides  .and  (aS)-  and  (ctK)-p-ch  loronorp.n.'Ud.O'-pl.’idriiie  livdrochlori  den  on  th.'i  b.-vel 
of  5-hydroxy  tryptamine  and  the  activity  of  t ryptoihan  iiv  ii'oxyla.'. in  rat  I'rain . 

The  optically  pure  isoiiiers  (b)-(t)-  and  ( K ) -(  - ) -p-cli  .1  (iro.ni.p  iv' t.im  i ne  (ICA) 
as  v;ell  ..in  the  optically  act've  en.int  iom.'‘r  ; of  ),-ch  1 ta'oiior.'pli.  dr  i ne  or’  ))- 
chloronoi'pseudoophedrine  as  'oossihl.'  .ictive  mct.ibol  i tor.  of  the  pii’ent  coii.p'ound 
have  been  synthesized  and  th.a  ai  r.olute  conf  igurit  i ons  were  er.i  a!  lir.lied.  ii  th" 
biologic. il  side,  we  found  th.it  tliO  lonj',-term  effect:,  of  t.h.‘  t.wo  ir.oiij. •rn  of  i ''A 
on  serotonergic  neur'ons  were  .pii  te  dilfoi'ent.  Tiu'  effect  of  i'f.’A  on  ^ 

tim/ptoplian  hydroxylase  has  dis.appoai’eii  two  weeks  following  its  administration  I 

wfiile  the  effect  of  (S)-(  + )-PCA  persists  foi’  manv  montlis  . The  .aval  lability  of  ! 

(S)-(+)-PCA  tfiu;:  offers  an  excellent  tool  to  study  the  role  of  central  s.ei'otoner-  j 

gic  neurons  in  the  action  of  drugs  such  .as  lial  luci  nogonr  , n.ircotic  analgesics,  et:c  ] 

1 

Since  tlie  racemic  mixture  of  PCA  is  a substrate  for  dopamine  6-hydroxy  lar.e , j 

it  seemed  possible  that  the  B-hydroxy  bated  met.ibol  i te  , p-ch  loronorcpliedri  ne  , 
might  be  responsible  foi’  the  long-term  effects  of  I'CA  ,ind  [\ar’t icul arly  of  (S)  i 

-(+)-PCA.  Our  investigation  of  all  four  iscm.-'r';  of  the  B-hydi^oxylaled  compounds  ^ 

shovred,  however,  that  they  do  not  decrease  tiie'  level  of  5 HT  in  brain  eitii.ir  ;U  j 

4 hours  or  2 W''<’ks  after  a l.irge  dose.  The  .ictlvlty  of  tryptophan  hy di’oxy l.ise 
w.as  not  appreci.'iblv  changed.  Therefore,  it  appeal’s  that  B-hydroxy  lat  ion  of  eiti;or  ; 

isomer  of  PCA  is  not  reauired  or  I’espons ilile  for  eitlu'r  the  short  or  lon.’-tei-m  ^ 

effects  of  the  'irug.  on  sei’otonerg  ic  neurons.  The  B-hydroxvlated  n.et.ibol  i t.'s  ^ 

of  rCA  are  also  less  active  timn  the  p.irent  coinfiound  in  bloelins’,  tin.'  up’t.ik..'  of  NF, 

5ilT  and  dopamine  into  svnaptosomes  prepared  from  various  l,r.iin  areas.  1 1 is  ' 

p-Ttinent  , however,  that  the  intt'oduction  of  an  OH  oi'  a Cl  into  the  p-po.sition  | 

of  the  arom.itie  ring  of  amphetdinine  increases  the  activity  of  tliese  drug,.;  in  ; 

I'l.ocking,  tiie  neuronal  meml’rano  pump  for  catecholamines  .ind  causes  .»  remai’k.d'le  ' 

shift  of  the  blocking  activity  from  c.itecholami  nerg,  ic  to  •..eroton.'S'gi  c ne'U'oiis  . 


-s- 


The  effect  of  various  antipsydr  ■;  on  the  blockade  of  dopami nerr, "i 
receptors  in  striatum  and  limbic  for"  i ain  was  examined  by  estal  : I h d.-.'.o- 
response  curves  for  the  increase  in  HVA  and  for  the  antd}',on '".m  c/i  . a:.,; her ..r. in 
induced  rotations  in  rats  with  unilateral  lesions  of  the  subntan' i a A 

good  quantitative  correlation  was  found  betvjeen  dopaminergic  blockade  in  thie 
striatum  as  reflected  by  the  ED^qq  for  striatal  HVA  increase  and  the  ED^gS  for 
rotational  antagonism  and  the  occurrence  of  extrapyrarnidal  side  effects  in  man. 

The  EDj_qq  for  HVA  increase  in  the  striatum  by  the  various  antip>sy chotics  in 
umole/kg  were;  haloperidol  < 0.7;  pimozide  < 1.1;  chi.orpromazine  3.3;  thiori- 
dazine 14.2;  clozapine  44.0.  The  potency  ratios  of  the  different  antipsychotic'; 
for  blocking  DA  receptors  in  the  striatum  (biochemical)  and  for  blocking  r'otationa 
behavior  due  to  amphetamine  (physiological)  are  for  all  practical  reasons  identi- 
cal. The  ED|^00  for  the  increase  in  HVA  in  the  limbic  forebrain  shovjed  the  same 
rank  order  of  potency  as  those  in  the  striatum:  iialoperidol  > pimozide  > dilor- 

promazine  > tliiori dazine  > clozapine.  The  results  tiius  demonstrate  an  excellcmt 
correlation  betvjeen  the  degree  of  dopaminergic  blockade  and  the  incidence  of 
extrapyrarnidal  side  effects  in  man. 

The  relative  ineffectiveness  of  thioridazine  and  clozapine  in  elevating 
HVA  in  both  corpus  striatum  and  limbic  forebrain  or  in  antagonizing  amphetarnin'''- 
induced  stereotyped  and  rotational  activity  suggests  a dissociation  between 
dopaminergic  blockade  and  antipsychotic  efficacy.  It  is  also  pertinent  in  this 
regard  that  clozapine  is  totally  ineffective  in  antagonizing  the  action  of  tiie 
dopamine  agonist  apomorphine.  These  studies  I'aise  the  important  question  ol 
wiiy  d-amphetamine  can  induce  a psychosis  Lndistinguisliable  of  pat'anoid  schizo- 
phrenia and  seriously  question  existing  hypotiieses  on  the  mode  of  action  of 
antipsychotics . Obviously,  the  discovery  of  a behavioral  parameter  of  aiiiplieta- 
mino  whicii  is  unrelated  to  dopaminergic  median  i.  ins  and  which  is  bJocked  by 
clozapine,  will  be  important  for  the  design  of  experiments  to  unravel  the  cru- 
cial psychotomimetic  action  of  amphetamines. 

5)  Hon-hepatic  metabolism  of  drugs  of  abuse  and  I'ossible  mechanisms  fjor 
the  development  of  tolerance . 

During  mucli  of  the  initial  period  covered  'uy  this  raporU:,  Dr'.  .I.'nm;:;  V. 

Dingell  was  on  sabbratical  leave  with  R.  T.  Williams  in  tlie  Depai’l  iii'.'n  t.  of  Hio- 
chomistry  of  bt.  Mary's  Hospital  Medical  bchool , Univei'sil.y  of  London,  Dc.ii'lon, 
England.  Before,  hir.  departure  in  Februai"/  of  1973,  his  studies  were  con''.erned 
vrith  the  applicability  of  the  methodology  described  in  tlie  original,  application 
to  the  measurement  of  the  metabolism  of  mor^phine  and  meperidine  by  j.u’cpar’at  icjn  ; 
of  lung,  and  brain.  Included  among  tiiese  was  a pr'olim inary  .';tudy  wliidr  showed 
that  microsomal  preparations  of  rat  brain  canntrt  moLabolizc  mor’pliine  by  coniu- 
gat  ion  witli  glucuronic,  acid.  Recent  studio.s  have  novr  sijown  tliat  wiien  ,l.at>el]r'd 
p-hydroxyamphetamine  wa.s  incubated  with  hepatic  microsomos  and  Ul.'l'-g,  l.ucui'on  i c. 
acid,  a metabolite  was  formed  wliich  v/as  not  e.xtractablc  into  butanol.  Alter' 
roincubation  of  tiie  mixtui’o  with  B-glucuronidase , aU  rd'  the  rsadioacti  vitv 
.could  be  e.xi’racted  into  butanol,  but  its  rolea.se  by  B-g,,l  ucuronidaso  could  l>e 
prevented  Iry  reincubating  in  the  presence  of  sacchai’olactone , a syiecific  inhi- 
bitor of  6-glucui^onidase . 

The  formation  of  POH-glucuronido  was  proportional  to  the  incul.'rition  time 
wiien  mixtures  were  incubated  for  less  tlian  30  minutes;  zei^o  ordei^  kinetics  wei'.. 
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approached  v.hen  661  nipmol  of  POH  v/ei-'  ' li'jubated . Tho  maximum  rate  of  coiiiuc.a- 
tion  of  POH  required  more  than  20  utK.  . of  UDP-glucuronic  acid.  ' in;;J.v , 

wo  iiave  previously  observed  that  the  maximum  rate  of  coiiiugation  o;  teii'aiiy- 
drocortisone  could  be  achieved  with  only  3 yrnol  of  UDP-;’ iucuronic  acid.  The 
rate  of  formation  of  the  glucuronide  of  POiJ  by  hepatic  microsomal  proparation.s 
from  female  rats  was  approximately  twice  that  of  similar  preparations  froi:i 
male  rats  and  was  stimulated  four-x^old  v;hen  incubations  were  carried  out  in 
the  presence  of  Triton  X-100  (0.05%  v/v). 

The  glucuronide  metabolite  of  P0.4  v/as  formed  in  microsomal  preparations  of 
the  livers  of  rats,  mice,  rabbits  and  guinea  pigs;  but  its  sulfate  conjugate 
was  not  formed  by  the  soluble  fraction  although  the  soluble  fraction  of  liver 
actively  con-jugated  ci-naphthol  witli  sulfate.  None  of  ttie  other  tissues  exa- 
mined including  brain,  lung,  heart,  kidney.  Intestine  and  spleen  posses,sed 
enzymes  for  the  coivjugation  of  POH  by  eitlier  patiiway.  The  livers  of  rats  which 
had  been  made  tolerant  to  tlie  anorectic  action  of  amphetamine  shov;ed  no  afteivi- 
tion  in  their  ability  to  conjugate  POH  v;ith  glucuronic  acid  and  also  shov;ed  no 
ability  to  form  its  sulfate  conjugate.  Pretreatinen t of  rats  for  one  weei;  with 
POld  (50  mg/kg,  i.p.,  daily)  likewise  did  not  alter  its  conjugation  by  liver 
reparations , ^ vitro . 

V/ith  L'he  exception  of  the  small  percentage  of  a do.xe  of  morphine  which  is 
tabolized  by  dernethylation , the  drug  is  metabolically  inactivated  almost 
exclusively  by  conjugation  with  gluciironic  acid.  The  results  of  ])rt;li:ninarv 
studies  to  describe  tiie  basic  properties  of  the  glucuronyltransferaso  syr, 
wfiich  is  involved  in  the  biotrans formation  of  tlie  niorpliinc  also  sungo.-'.  I that 
several  species  of  the  transferase  may  develop  with  inatur'ation . Tor  fo:amplc. 

Like  the  conjugation  of  7-hydroxychlorpromazinc , but  unlike  that  previously 
observeii  wit'n  steroids,  the  glucux’onidation  of  moi'phine  is  stimulateci  L-y  hig.li 
concentrations  of  substrate,  .^gain,  when  high  concentrations  of  inor-phine  were 
incubated  with  microsomal  preparations  of  the  livers  of  adult  rats,  two  pli 
optima  were  oteerved;  one  at  pH  8.5,  the  other  at  pll  9.5.  Under’  similar 
conditions  but  with  Triton  activated  preparations,  only  the  pH  optimum  at 
was  apparent.  However,  v/hen  low  concentrations  of  morphine  were  iiicubated  with 
hepatic  microsomes  from  mature  rats,  a single  pH  optimui;i  was  observed  at  9.5  v.'hich 
v.'as  identical  to  tiiat  found  with  preparations  of  livers  i'roin  immatui’o  animals 
at  all  concentrations  of  substrate. 

Altiiough  the  process  of  glucuronidation  by  hepatic  microsomes  is  I’.enerall;,' 
stirnulatable  by  Triton  X-100,  tiiere  appear  to  be  fundamentally  important  dif- 
ferences between  the  transferase  which  conjugates  exogenous  suUstrater,  , aich 
as  7-iiydroxyclilorpromaz  ine  and  morpiiine  and  tli'af  wiiich  forms  tlu'  g.iucm’on  i d" 
of  steroids  such  as  tetraiiydrocor  tisono  , (;strone,  and  es, livid  iol  . for  cx.nnp  1 , 
we  have  found  that  the  maximum  rate  of  conjug,al;on  of  r.teroids  c in  be  ati  aine<l 
i’V  incubation  witli  concentrations  of  UDI’GA  which  ar’'  but  a fraction  ot  t’nose 
which  are  required  to  saturate  the  system  for’  the  conjugation  of  i'-:ivd.r”xv - 
^amplictamine , 7-hydroxvchlorpromazine , or  inorphine.  Moreover’,  unlik’’  the  i.’on- 
jugation  of  7-fiydroxychlorpromazine  and  mor-’phiri’’,  that  of  the  steroids  docui 
not  appear  to  be  stimulated  liy  inculiation  of  liig.h  coiu’entrat  ions  of  suls.  t.rat'-' . 

Tn  view  of  these  observations,  it  does  not  appear  um’ea;3on>ibl<’  to  specul  ite 
tLiat  although  several  forms  of  glucuronyltranr. forase  may  be  involved  in  tlie 
con  jugation  of  tlie  exog.enous  .sul>s  trates  , the  glucuroni  da t ion  of  eudogerious, 


-7- 


.UK’.h  as  steroids  niay  be  ii;-  ' a ed  by  a siut'lr  and  j>iirii.r,' ■ dl'l'ni-'t 
specief;  of  the  etir.vne.  Since  r-onjupa'  ion  pi'oc.*;.;aos  su''!i  i'.  r ' a : b-:'  ’ 
can  be  viewed  as  true  detoxification  mechanisms,  a r,r''a' uii  f-;  j.,  : ■ 

the  etr.’vriat  ic  processes  involved  can  be  exj-iected  to  have  beti. 

,«id  clinical  relevance.  Of  periiaps  equal  importance  (lowever,  a under- 

standing of  the  basic  tnedianinm  of  pi ucuroni da t ion  may  provide  the  necesr.ar/ 
information  to  resolve  much  of  tiie  fm- juently  bewilderi  i;p  confusion  concerr.  i ii,’ 
the  I'csponse  of  the  plucuronltrans fei'ase  system  to  various  stimulators,  indn.  •.■t 


and  inli  ibitot's  . 

6)  biochemical  <nid  behavioral  studies  with  J-  and  L-l'CA. 

Previous  studies  have  snomi  that  the  administration  of  dl-i)-chloro-am;-;ie - 
tamino  (FCA)  to  rats  causes  a long-lastinp  decrease  in  sei’otonin  (Siij),  t- 
hvdroxy indole  acetic  acid  (5H1AA)  and  tryptophan  iiydi’oxylasf;  activity  (Tii) 
in  brain.  It  was,  tlirreforo,  of  interest  to  coi;ipare  the  biodn'mical  cfleds 
of  the  pure  isomers  wi  tli  tiio  levels  of  tlte  unchaniteJ  'irsis . A r,  irigle  tiose  oi 
d-  or  1-FCA  ( F ing^kp,)  was  injected  i.p-  into  male  SprapU'’ -Dawloy  rats.  in'ilns 
wt'i'''  assaved  for  Fiii',  Ti'. , SfiTAA  ot’  synaptosomal  nptakt?  of  F HT  b\'  standard 
nietiiods  . lioth  isoi:.'’’.'::  caiKod  a rapid  and  profound  reduction  in  the  brain 
levels  of  5HT,  5H1AA  aiui  TH.  Significant  reductions  were  m.iintained  foi’  at 
least  2 weeks  aft<;r  the  d-isomoi’.  iiowever,  partial  r»'oov.n'’y  occui’s  within 
2 dav's  aftei’  tiie  admin  is  tt'at  ion  of  the  1-isomer,  v.ith  almost  complete  recov.u'y 
after  2 weeks  (biiT,  82'i,  5HIAA,  130%;  TH , 103%  of  conti'ol).  The  synaptosomal 
uptake  of  5HT  was  also  markedlv  reduced  within  4 hours  afte:’  troatmen*'  with  d- 


and  l-I'CA;  I'.ov.'ove.r , s ignificant  x'e.covery  has  occurred  within  ^ days  at  t 
iniertirn  of  1-PCA,  but  not  after  the  d-isomer'.  Tht';u,>  fi  i f 1 ei'enc'>s  in  tis 
duration  of  t!;e  bicdiemical  effects  ma;.-  L'o  related  to  d i ‘.'ron'ences  in  t!;e 
of  (I  is.  app’'ara:ice  of  the  two  isomers  froiri  tin'  bi'ai:i.  in  oi’uer  to  invest; 
tb.is  poss  i b i 1 ' tv  we  have  doveloptni  a gas  chromatoj'r apli  ic  laetnodi  l\>i’  tin- 
of  brvu’ n levels  of  FCA. 


ei' 


r i t e 


The  i'ehavioT'al  eftects  of  tlie  d-  and  I.-it;oi:kU'  of  I'fA  h.ive  let.'n  ' nv' s' t.  i ,■  it  e 
usinr,  tile  did::’.. inn  avoidance  paridigin.  iiotii  isomer.,  iru'reaiie  I'v'sp.en."."  rit”  in 
t;h  irt  t.ir.’.;  ;ioW'’V''r,  d-FOA  is  F-.IO  tirries  more  ’potent  titan  tiie  1- ittoti.er.  4 

.siinilir  ! i i‘ f’'t'i’nci’  in  ’potenc\'  watt  found  when  tobii  motor  .lei.ivilv  w;.t  ni”  i’un”’d 
using  Vi ! 1 1 I im.'t  on  iigi'.Le  car.es.  . In  order  to  te:i  i.  tiie  i''.’lative  in.pei’l.iti'’'’  ..'1 
ciiang.es  in  the  lurnov'-r  ml  met;al'oli:;m  of  FA  and  IFH  in  the  iik'di.rt'o:;  vi  '.tie 
s t imul  .itorv  effec's,  . w plan  to  ;;t:ndy  the  el  feet;;  of  both  isom.n’.t  on  the 
tur’novei'  rati-  oi'  HH  ,nui  FA  in  br, n'n. 

The  stndie;;  inii  i.ited  in  enr  labor. itorv  ..tbd  sui-ported  in  tin'  'pa. tl  iv  i.lii  . 
centr.ict,  ha’ve  trii’.r.ered  a nutTtbei’  oi’  s I.  nd  ie.-t  in  olln'r  i . ibor  1 1 or  iet;  .in.i  .1.  be- 
comes ippirent  th.it  li'iA-.like  compound::  rej’i'i’Sent  iiiia'S”::  t in.i-,  new  tool; 

.stu.iv  .sc^'otonerj',  i c meciiari  i:tms  in  ttie  CHi.'  .and  tiieiv  i nvol  votienl  in  a nui:.t'’i’ 

( In' ol  or,  i It  il  1 V ir.irortan  t iunclion.s  Includinr,  tin’  dev...;  •;  'i..,.  ino.’ 

an  1 phvsical  di’pendeno.e  (see  for  in:;'..mee  I„il  e_|^  .il.,  i'ed.a’ai  ien  i're'ce.’ii ! ;ip,; 
.V.V.Xi,  >187,  197'(;  Moiq'hino  withdrawal  .syndi’onn.i  in  mice  and  rat;i;  itirti.ii. 
blockade  by  FCA), 

7 ) Detailed  stud’y  of  the  biological  1 i spos  i t ion  o f in  •n.ice  jviid_  rat . 

The  lir-iin  level.--,  of  .n-Hiloro.imphet.tmii.e  ( FCA  1 were  e.;tiii:iled  i.v  a ,r,  is 
eiiroitkitorrapii  i e metliod  developed  in  tiiis.  l.iboT’aterv  . Pr.iin".  w-it'  r.rpl-il'. 


p,.|;,  .v.mI  itti'r  'I'M- 11' 1 1 ,it  ion  , v;  isiK.'i;  w.  i i , .ii.t;  rton";  .i 

-ii'-'  until  in  1 1 '.'nod  . ''on  -ini  1 v '•  i:' , Iniin.'  '-.••‘t''*  , 1 ! in  n,i  I'i  ! u 

tub.'-’,  con'..  1 In  i iij'  i r.iitn.'n  .iiM'iint  ol  p-c:i  loi'o.’i.i't  !i.i;:.;'ii'-'  i".i  n>'  v;hi'-ii 

'j't'von  as  in  int''rnal  tMandard.  Tiio  Lrains  v;"i'.'  h- >f.' ■/•'n  i t-.', -i  in  JO  nil  0 . ’.i; 
cold  porchloric  acid  u,;in.'  a I'olv  I non  hoinoi’.on  i Ci-r  I •'!' i n.ln  iii  I no  inui:;' 'M.. . ) . 
t'ol  Ic'.sin,',  contni  fUi’it.  ion  it  .10, .''.’'0  I'p::!  fon  20  i*".;  in  i il  1 i.ipli  U'C'd 

contni ‘.'ui',''' , duplicato  nil  ali.juotn  ol  tiio  nnporn  r int..  i.'-'i'''  'pi  u.'"d  in  4;-  ::.l 

coni'. il  contr  i t'ur.i'  tubo:;  cont..  ininp,  1 nil  ol  ,SN  i.'a  -aid  t :ii  1 of  In';-:  iti’' 

( 11  inoj'T'.id.o , Hurd.iol  .ind  ''.ickGon  Coiiipinv).  lCi\  and  .■xi.nac'.e.i  into 

h'-'  iioxano  la', 'or  :di.ikinr,  tn  .i  iliioni  ic!i  I'ocipro.  il  .di  ik-  Ion  :i  ininiit  '.  . 

.•\fton  contr  I fnpat  i on  Ion  .10  tiiiimtoj  at.  IfiOO  n::.,  4 :ii  1 a.lipt.'.n  n l;.-' 
b.cMa:.'  l.i'.'-'n.s  t nan.'- foni'od.  t.o  .1?  till  contnifn'o  tui.‘:  :on'  rtiin,-  i ' 

111  iiOl.  ’Il.c  l.ivon,;  'M'cn'  n(;uilibnat..'d  ;>s'  ir,.tch  tnlc.il  idiakinp.  Ion  30  tniinit- 
■ind  c>'iitni  I'linatifd  I'oi'  10  ti!innt'>n.  .i:;  ab'OV.'.  '[’hn  ii.'x  inn  iiayt'  Uii'-  c.U'':n!!'.' 
asp  i.nat  I'd  ofT  ind  0.0  ml  ot  tin'  .acid  lav't'  '.••■a:',  t nan '■  1 nn"'‘«i  to  .i  ' :i.l  c>.'!ia-il 

pi  ir.'-.  — 1 o'pp'".'nd  cnt,t  n i fupn  tubo  cont.iiniiij’  100  ;,1  o;  1011  11a 'd.  Till.:  .n;U".'U.; 

la'.'cn  '.>•  1 ■■  ''Xtnactn;!  u'‘th  000  ;il  of  c'/';lopo;it  ano  (IkaiOpnad'.''  - Otindick  .i;i  : 
d.ic.k'jonl  '">■  viponou.'  n. i 1 i np  on  a Von' >'x  mix''i'  !oi'  3 ini  nut  Tin.'  tul"..i 

'.v't-r-'  C''titni  : •i.-'ilt'd  fon  10  ninuto'-.  and  400  nii  ci'oli  tnna  of  tin'  c'.'clopnnta:,.' 

1 I'.-nn  '.s'nn.'  tn.msfnnnnd  to  1 ml  Rn.ict:  vialn  . Ti.'i,  y 1 of  i lli  t nidilvnacn ! .•_!  c.iil  n 
i in  solution  in  cvcloj.'ont  an.'  wnnn  addnd.  Tim  samplon,  wnn'.'  pnntl'vt  .'di.iki'n  .nd 

wm'o  .illo'.vnd  to  st.itid  for  20  minutns  at  40^i'.  Tlu>  sampl.’s  '.-ionf.'  nv.ipcnatnd  to 

nn.in  dn'/nn.;.,  b'/  bloivinf,  wild)  hot  ain,  tlu'n  pl.icoii  in  v.icim  lot'  20  mlnntn.:  to 

nnmcv','  oxc.'ss  nnar.nnt;  . Thn  non.  iduns  •.■.'on',.'  dissolvnd  in  cvc  1 opnn t , nin  .ind  in.l.l- 

'.'cnd  bv  :’..is  ct'.n.air.  itoni'.i'.'!)'.'  (4’). 


iriilvsns  worn  pnnrcnm.'ii  on  ,i  Vanian  1100  n.is  ci.noi:.  it '.'pn.i;  h njuii'pn  i 
wit!)  1 ‘''d'li  nli'oti-i'n  capturn  dntooton,  \i''-inn,  a t-foo1  1,-  l.'V-l'/  column  (applinf; 

.Ic  inr.'-.n ) . rim  conlitions  'wnnn  : column  t>'mpni'a  t ui-''  1'10‘^t’;  in'octon  lompni’.i- 

''an.'  200'’f;  .iiid  dot.'.ictor  tnmporalunn  if,  iiani'i-n'  pin.  w<i:;  m i i n !..i  i imd  ,it 

■ i tlow  natn  of  40  cc/rinu*'.-' . bndon  tiinse  conditions,  'ii.hn  nntnnti  n tiiii'.'s  of 
t'CA  irul  won''  4 minntns  and  7 m.inuto.t  , rnn.poct  i vnl'.' . .1  standa.nd.  ctii'vn  '•■.■as 

pri'pan'McI  I",'  .iddinp  kno’.sT.  amounts  of  iC.'\  .ind  i'Cn.-l  to  bn.iin  liomoren.itns  .in.l  I-.- 

d.nt ''rm  i n i n-',  tim  natio  of  rd;\  peak  ho  ipht.'./i  j'nak  hnicht.'..  '.•.'Imn  i •' il.  i.i'Lii.', 

Koft'  •..'Ithiii  th,.  t'ann.o  0.2-t).0,  ,i  liimai'  I'o.lat  ionsh  i n '.v'.’s  lonnd  bntw.on  tim 
ni'^ios  anil  tim  c.oncnn  ti-.i  t i I'n  of  t’CA  avldod.  Rccovnnv  of  knouii  imountis  o;  I’CA 

iddoil  to  blank  tnain  7b%  t fb.  V.n'iaiion  amoiip  i'l'.iiti  Involt;  of  i'CA  ton 

inini.il'5  tnn.itnd  n.  irti  1 inlv  wa.s  found  to  bo  Inst:  tiian  lO'j.  Itl  ".poctn  i o:  i l.ink 
bnaai.t  iiad,  .i  numi'on  of  sm.ill  'poaks  witii  rntmit  inn  t imn.s  vinvinp  fi'om  30  tmnoiul,' 
to  1<'  minntn:;.  but  thnsn  di'l  not  i pn  i t icati  t l.v  int-nnlnn''  witli  t:ht'  o.uatit  ; t ic.it  lot. 
I'f  rCA  nvon  at  thn  lowo;:t  Invnl.s  . 


Combiimd.  nx'n.irf:'-  of  bn.iin.;  of  nits  killed.  iu-nr;;  altnn  1-iVA  wnnn  n.'ii- 
I'.'ut  r.i  t' ‘ ni’  .inilvn.is  b'-.'  pas  chr.'.m.ito.'i'.ii'h'.' -tv  i a;  ■■.pn.;’ nomnti".- . Tho  C.C  i-n.ik 
i'lnntiiind  pn.".' ioii't  Iv  .is  PCA  p..ivn  ,i  spc'lnum  i.i.’ut  i,;,.l  to  .nuimnlic  I.'A  tn.icli.bn 
in.nt  ifi:.!.' . Thn  batm  i.'li  w.i:;  m 112,  I'.pi.il  to  .ippnC'Xi  tn.it  .'1','  1 3 j if  tim  tot.il 
ion  curn..nt  . Tiiis  'pn. ik  nnpn.'sonts  tlio  'p-cii  loi^i'pb.i'nvlpnopv  b''n.'  ion.  'nii"v''lmi- 
ma’cr  pnal;;  '.v’nnn  m.'o  1.30  and  mb'  127,  r.'pi'.'s.'ii  t' i up  t n ii'm.-n' .ition  botw.'.nn  tim 


a-  .ui'l  0-  .■inl'  -n,;.  ! .'MA  wi.;  iln.o  conlii'n.''!  i'V  cottii 


1 li.'  I'.'  1 .s  i n 


nxfn.u'tnif  s.implns  wi  tli  .lutls'iitic  mal.'i'i.il.  Ion:;  witli  m.b'  127  in.l  lt'2  w.'t'.'  .il  to 
pnns.'iit  in  tiii.s  rompound,  but  tin'  ion  i!  tii/.'  100  .;hi!t..!  to  m/n  .’02  ( t-  1 '*  ,1  .iini 
bncamo  the  b.iso  pn.ik  , acc.ountinp.  Ion  ai'pi'oxim.il  nlv  13''^  ol  tin’  tot.iI  Ion  i-iinii'n'  . 


The  u. 


■.ut  c.iDtuno  d." 


■t  ..f  ,il  b'w^'.i  ■■■ 


of  tin' 


• I'-'i:.  ro  II'-  to  UO  ii.",  i'tT  i'l'am  brain.  ."vor,  tht;  vnr",'  limito>i  .1  in-'.:r  > 

• 'i'  this  ■’.•••■'ctor  ( i c.il  ly  1:50  i our  iiandr;  1:R)  p;-.-  ''iits 

cul  t:-.’ . if  l;p'  .imo’jn'  of'  oitiiar  1'C.^  or  PCMA  vrfi  i oh  i';  i.’i  f. 

.out  f icimt ! tim  <iete^cloi’  will  tecoine  ''.Mtur.it"-j"  , i snit  ii.i'  ii.  'i  i .n- 

t'*v’>us  I'ci trios  • 

Kio  r.'i'p  doclino  of  levels  of  bcti;  -J-  and  1 -PC.A  in  brain  '.■ms  d'^tor-riiriod 
f.ilp  f.urai'UP-i''a’.vlpy  rats  were  injected  i.p.  with  eitfier  d-  or  1-!'CA  HCl  at  a 
.lose  e .uivjlent  to  5 nij’/kp;  of  ti’.e  free;  f.ase . Groups  of  4 animals  wore  r.acri- 
ficed  at  4,  B.  24,  16  and  48  hours  after  injection,  and  tiie  fir.ain  I':'/';  Is  were 
analysed  the  r.etiiod  previou:;lv  de.sci"'ibed . T '.e  brain  levels,  of  tiie  two 
isot..’-rs  •.■■•••re  t.he  same  at  eacii  tii:;e  period  analysed.  from  4-36  hour.:,  tfie 
: raiii  lov-'ls  of  both  isemors  declined  in  a inonopliasic-'’xponentidl  manner,  wit:, 
a h.ilf-life  of  8 hcui's  . The  48  hour  levels  wor'o  slirhtlv  above  the  --r-ctrapo- 
late:l  line  ir  line,  indicatinp,  tiie  possibility  of  a second  nfiase  in  t.he  f ill- 

off  e-jj'v,..  ip.  ordt'-!’  to  test  tiris  possihili  t-y  we  i.ldii  to  extend  tii"  t ii:;<,'-cou> 

i-'in.-e  the  49-hour  value  •.-.’as  the  same  for  botii  d-  and  1-FGA,  it  appears  tiiit  the 
d i f *'•  T'-'nces  in  the  duration  of  the  effects  of  serotonervic  neurons  are  not  ex- 
plained bv  differences  in  half-lives. 

S ) feurt: ; ::vs  io  1 o y ical  f^tudios  on  ti.o  mode  of  act.'  .i  of  ::.or;  h j _n_y . 

inave  been  .st'.i'l',' inp  the  liffects  of  intravi.-nously  ad:n  1 n is  ter" 'd  morphine 
cn  s;i:u-;lo  unit  .ictivit','  of  neurones  '.'.'iLhin  tiie  I’anhe  'lor'salir:  .and  mediaiiu: 
of  m^le  Spi'ame-lawley  rats.  Hotii  tungsten  -and  McCl-fillod  glass  microelec- 
trodes have  been  used  in  our  initial  studies.  Howevr,  tiv^  l.'-iCl-f  i 1 led  rl.iss 
■’I'-'ctrode.s  nav->  f.een  fouiui  to  g,ive  t!ie  bc:5 recorl  i r.;-.'  •ml  i-'iVe  been  utili/..-'; 
for  mo;3 1 of  tiie  exroi’ iments  . 

finer  serctonerr,  i c ir.."'c.i'ianini;is  hav-e  been  impl  Ic.atef;  in  teii.p‘'’rature  roru- 
lation,  it  is  not  surprisinr,  to  find  alterations  in  neiu'onai  activity  wi!iiin 
the  r.ipiid  nuclei  after  alterations  in  body  tcmperatui'e . Our  iniliaL  studies 
thu.;  indicate''d  a need  to  maintain  the  bodv  teinpei'ature  of  oui'  lu'.'parat  ion 
wit'ain  normal  limits  and  to  r.aintain  all  injection  .solution",  at  I:"'-!”  tot.per’ itu'". 
'.'.e  inive  no'.-.'  accu;mil,!tod  sovervil  experiments  on  tiie  effect::  of  svite;riic  j’i'ti:i- 
istration  of  morpiiine  or.  niun'onal  .ictivitv  of  rapiie  cell':.  A-;  rep-orted  !v  otiiei 
the  .spontaneous  firing  rate  of  cell  witiiin  the  ra'phe  nucl'ai  was  it.  tiie  riiijV  o‘. 
1-3/sec.  .Aftei'’  admini.stration  of  morpb.ine  (.8  oi’’  16  mg.''!.:',,  i.v.)  '..as  a 

marled  (4-10  fold)  deci’ease  in  single  unit  activif.'.  Firing  r ite,  was  Icwer:' ! 
sc  gavitlv  tiiat.  ’.•.V  became  conc.'i'ned  ovi'v  the  poss  iivi  litv  lii.it  the  coll  hud 
been  "lost".  Howevea- , aftoa'  injection  of  tiie  iiaa^cotic  int-agoni.Jt  naloxone 
(5  ::ig/kg,  i.v.)  tiie  fia''ing,  I’ate  riot  only  i^et-arhed  but  w.ir,  inci'e.ased  above  tiie 
normal  rate.  Thus,  tin''  effect;',  of  moa'phine  on  single  unit  .ictivitv  d.o  a;;e,,r 
to  be  rel.lted  t.  O ■!  II  irCOt  i C i'ffei;t. 

3,)  iiffect  '.'f  I ir  t i -1  i '!  i :a"ip : :■■  I'.-il '.'■ii"i',i'.i  e :-,eehan  : - .m '■  1.  u.-- 

iiidui  ed  5-iiT  turnovep. 


."up  previous  work  a'.ii.ied  tic  p.  i ni  1 i t-.-  tlial  pii  uinaccl  o>’ i c i ! or  ::;.":i.i:i- 
ic.il  insuLt;s  to  sea’otoiiei'g.i  c n- ■ i ii. -.ii  i.uiis  within  the  dii.'  wii  i cii  did  not  jr.xluc.- 
•atr/  decrease  in  tiie  lev'!;:  of  '■-ii"’  w’tnin  tti.c  foa-eiriiii  mielit  t i 1 1 can.."  a 

disruption  of  ::erot..'neri'’,  i c iuiicien  uniea'  cert.iin  coiti  i t ion.:  . Tin.,  i'Ci'i 

(0.1  mg/kr)  whidi  doe.s  not  .ilt-T  'tie  levl.;  of  5-iiT  in  tiie  I'a'.iin  still  ai.t  i- 
j'.onined  niorpii  ine-indneed  tivp,  ict  i v‘ tv  , wiiicii  is  pi''0|..v.ed  'e  1 c d.v  ..'u  ie;it  up.'ii 


■ in  incr'i.j';'-  in  !j -ilT  I'lir  riovor . Vie  ii-i'  , '.iier’iiior'- , nt  udi'-  l i !i'‘  nffeeti:  o! 

PCA  (0.1  mr,/''''r,)  on  b -iiT  turnover  using  the  isotopi';  ,'n-  o'  ih.-n  e_V  n_. 

(1971).  Vie  also  studied  the  effects  of  raoruii  i lie  cn  b -iiT  Luruover  in  aniinils 
PiPetreated  Kith  saline  or  PCA  (0.1  mg/kg)  24  hours  pr'oviously.  Tiie  tur-nov'T 
of  5 -HT  in  PCA-treated  animals  was  not  significantly  different  from  that  of 
sa  1 i no -treated  animals.  Morpnine-treated  animals  showed  a signific.int  increase 
in  5 -HT  turnover,  ilowever , in  PCA-pretreatod  animals  tiie  morphine -induced 
increase  in  5 -HT  was  reduced  so  that  the  5 -HT  tiur'nover  was  now  not  .signif  icantl y 
different  from  saline -treated  animals.  Hov.-ever , the  tui'nover  was  not  diffei’ont 
from  that  seen  in  aiiimals  receiving  morphine  .alone.  Thus,  doses  of  PC.A  wl:  ion 
do  not  alter  levels  of  5-HT  in  the  brain  do  appear  to  reduce  the  increase  in 
5 -HT  tui^nover  normally  produced  bp'  morphine  administrcition . I'ui'ther  studies 
are  being  carried  out  to  confirm  or  further  define  these  initial  oijservationc . 

10)  Studies  on  tiie  development  of  tolorance  to  c -ai.'iphetamino , and  or.  po.^t- 
drur,  dep'i'e ssior. . 

Since  our  initial  finding  that,  follov.ing  ctvronic  adm  i iris -^rat  ion , tolerance 
d-evelops  in  rats  to  the  facilitation  cf  self -s  timulat  ion  behavior,  we  have  ini- 
tiated several  studies  v.’iiich  hopefully  -would  help  to  unravel  the  bioc!leInic^ll  and 
anatomical  basis  of  the  pVnenomena.  Cur  first  study  'was  aimed  at  determi ni nr, 
the  possible  role  of  PHil  in  tolerance.  To  do  tliis  'we  tested  the  effect  of 
chronic  adiainistration  of  1-amphetamine,  since  PUN  is  not  a metabolite  oi  tills 
compound . 

Vie  fir'it  tested  several  doses  of  l-anrdietamin*':  (O.b  - i .O  mr/kg)  to 
rnine  the  dose  which  'would  pj-'oducc  the  most  reliaiilo  facili'ation  of  rhis  p.irt  i- 
cul  jr  beha->/ior.  Form  these  data  we  decided  to  use  1.0  iiip,/kg  as  our  test  dose. 
This  dose  produced  a marked  and  reliable  facilitation  of  responding  similar  to 
tiiat  seen  follo'wing  administration  of  0.5  rng/kg  d-.imphet'uiiiinc.  Afihour.l]  tiie 
magnitude  of  the  effect  with  1 -amphetamine  was  less  tli.-ui  vri  tii  d - Jiii;  he  i.  am  i ii"  , 
increasing  the  dose  of  the  l-iso:ner  resulted  in  a ilecrease  of  Pac  i 1 i l.i  L i ■.  ii , 
pirobabl'/  because  other  effects  of  the  drug  (e.g.  tero>ot','pied  belur/ior)  i-.-hich 
occur  at  these  higiier  doses  were  disruptive. 

T'.-/o  groups  of  animals  'were  then  tr-ained  to  uruJ  for  se.l  i -s tinrui  .it  ion 

in  t'ne  medial  forel-rain  bundle  (HFB)  and  ivor.-j  tested  3 or  4 times  for  tucLiit.:- 
tion  of  responding,  'witli  eitlier  d-  oi'  l-ampliet-aiiiine  to  assure  tinit  the  dru,.-, 
effect  was  relialxle.  At  this  point  testing,  w.as  tei'mina  tfsl  and  i iicreas  i n;-  dor;.'-, 
of  d-  (1.0  - 12/0  ir.g.ig)  or  1-  (2.0  - 24.0  mg,/i-g)  .impiietam  i ne  vier-;  .i  Imi  ;■  i s.  t-u'.  .1 
3 times  d.i  i ly  for  4 davs.  'di  the  fiftii  da'/,  !,)i.'  animals  wor-e  up.iin 
for  f . 1C  i 1 ! t.'i  t ion  of  responding,  following,  Uie  .idmi  n is  I r.i 'i  on  •'(  'li'-'  l.'s;  dc\-.>s 

of  tlie  di"ug,r;  . Much  to  our  surprise,  the  animal..-.  v.-!i  i c!i  ii.id  ivic' i 'v-ed  the  ci.r-nic 
d-a;nplietamiiic  treatr.irnt  did  not  ;;!io-w  tolerance  to  the  •'.•■■.ct  d.-se  of  tli  it  drug. 
Th'Me  dat  i were  in  roritri.ct  to  our  'erc'/ious  diti  -wii!;  !"■  aiiii-i.ils,  i.-h  ill 
".ho'wed  tolei'ance  alter  identic.il  treatment.  in  lice  .■•ir;e  ot'  1 -aii.pne  1 .iin  i , 1 

anim.il",  viere  tested.  Tv;o  of  these  .cho'wed  tolei'.Tnce  to  I.  lov.’i  in',  chronic  iim  in  i r- - 
frit  ion  -...h  i le  the  third  sh.owed  a vry  marked  (k.cre.ice  in  ilie  dru)-  ..ill'-ct.  I!,  w- 
ever' , sinee  (lie  d -timphet  imiiiii  animils  had  not  sho'.-.ii  toler.ince,  v;.,.  ceuLd  nut 
reach  <i  conclur.ion  concerning';  similarities  or  d if  fei-ences  be'..ween  tl.e  etieets 
of  the  two  isomers. 

At  tiiis  I'oint  , 'we  decided  lii  test  ,i  larger  ernup  of  .mimils  to  de term i ii.- 
w.'ieth'T  tti'T"  would  be  all'/  beh.rvioiMl  .lifferen  ■.  ■■  let',,-e,.i.  I’l'-al  '.v-!i  1 .-.!i  P .r 
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Jo  not  develop  tol’^-rance  ’.vtiicii  t.Ip.n'  ' iM(.‘  u:;  i.o  pi-vdlcl  a ]r'ici'‘  v;hi;tii'-!'  or 
not  toler  iiicv  vjr'uLd  leveloi).  To  dat’.-  have  tiistad  24  aniT:al'-. , It  ol‘  uj  i -a 
have  d.evelofie  1 toler-ance  vhile  8 iiavo  not. 

ihireful  examination  of  the  d.ita  has  not  revealed  any  reliable  Lehavioral 
difference::  between  the  two  groups.  However,  histoLof’ical  examination  of  the 
brains  of  these  animals  ha.s  I'evealed  tiiat  tiiero  are  reliable  di  f 1 ei’encoL,  in  the 
exact  site  of  the  electrodes.  In  all  animals,  tne  elocti’ode  placements  wei'e  in 
.approximately  the  same  anterior-posterior  I'egion  of  the  brain,  Lein;;  around 
4.0  mm  anterior  ' :■  the  interaural  line,  vlien  the  skull  is  leveled  between 
bregma  and  lambda,  iiowover,  in  tlie  group  of  animals  v;h  i eh  :;how<id  toler.iP.c<‘, 
most  had  electrodes  terminating  in  or  very  clone  to  the  zoiia  incerta,  an  ar-Oti 
of  AChb  - containing  fibers  as  well  as  catecholamine  fibers.  The  noji-tolorancc 
animals  had  their  electodes  terminating  approximately  1.0  mm  more  vent"al, 
lying  in  or  very  close  to  tiie  fornix.  Having  determined  tiiese  placem.jnt  differ- 
ence.s  , we  are  now  ready  to  repeat  the  work  comparing  d and  1 -ampli'-tamii.'v  u.'.  i iig, 
animals  implanted  in  the  zona  incerta  region,  where  tolerance  to  d-.iiiiphe tamine 
does  develop. 

Other  work  aimed  at  gaining  more  information  concerning,  ampnet.amine  tolei'- 
ance  and  depression  has  involved  trainin.g  animals  to  respond  for  stimul.ition  in 
tlio  locus  coeruleus , a site  of  .HE  cell  bodies.  Vdien  tested  follo’.ving  chi'onic 
d-amphetarnine  treatment,  tiie  animals  did  not  .show  tolei’ai.ce  }iut  did  exhil'it 
post-drug  depression.  Histological  examination  of  the  iir.dins  of  the.se  four 
animals  revealed,  that  tiie  electrodes  viere  medial  to  the  locus  co.~'ruJ  eu:,; , ter- 
minating primarily  in  the  dorsal  tegmental  nucleus,  ilov/ver,  it  is  still  posrible 
that  the  effects  were,  due  to  stimulating  tiie  locus  ■■oerul  cu".  niir'.''  tin;  t W' ' 
structures  lie  very  close  and  tiie  cui’rent  does  spreaii  Lo  s.om.'  '.■xt;''‘nt. . Tli.-fCoi.  . 
we  have  readlusted  our  coordinates  and  in;  l.inted  .niim..il:;  with  I'ls-ciroU' s.  wi, 
should  be  closer  to  the  locus  coeruleus.  V.'e  will  i-ep.eit  the  study  to  d^'lermir,.' 
vdiich  site  was  really  re.spon.sible  for  the  effects,  seen. 


The  final  study  v;hich  vie  v.’ere  able  to  uiul-rlake  In  p ir!  wav.  con  :e  'ii'-.l  viltn 
possible  cross  tolerance  between  d-  amiihot  tmini' , cociine  .uni  metliyi  j'li";i  i d i ' • ' . 
Since  these  drugs  all  facil  itate  sel  f-.st  imulatiori  I’l '■.[■'■n,i  ini'  v i;:.i  1 ai’k,  1 ut  b iV" 
different  inechan  i.sinr,  of  action,  we  i-'casoned  tii.it  crovr;  - 1 v b-r.inc"  stude"  v.igjit 
provide  information  on  the  mech.inism  ( i resyii  apt  i c por.  * ■ •/ii  r.  I' i c ) lor  d.’V.'l- 
opment  of  non-met.ibolic  toler-anco  to  amrhet.amiiie . Tr)  date  we  inve  ■.■.omplvled 
the  work  with  cocaine.  Animilv.  which  w.'i'i  .idm  i n is  I'M-ed  I nor.-  i ; i i.g,  du.ie.s  ot 
d -amphot.amine  and  .show.'d  toler’.uic*.:  to  th.it  urur  v.vr"  ilvo  toler.int  to  com  i..'. 
Vie  -are  pr'e.sent  ly  beg  i rin  i ii.'  fu’''th‘'r  sludii'i  wiiirii  v.-i]]  invidv"  tei.t.ng  i-r  ci’';-: 
toler.ince  to  met  liv  I pli.'ii  i .bit  .>  .is  well  .is  .idnii  n i'.  t or  i ng  coe.iinv  or  m.  ■ tnvlrin  n i d 1 1' 
rhroni  c.il  ly  to  det.’t’inine  If  tob  r an.  develops  to  the.'-.e  ..Irug.:  .iiid,  if  so,  to 

test  for  cross-tole;  .ii.e.'  to  d-ainpiief  ii;iine. 


11)  I.M'V,.  1 cpi;;..!,  * . i tie'..'  • 

- i'lt'iiover  of  .ice  tv  Ivliol  iii"  (A'  '_H  ) 


In  order  to  me.in  i n.'.fu]  1 v ii.ves  t i ,-.it  ■ tl.e  ci.e  1 i in ’re  i r;  '-.vst.'m  it  w u neoos. 
ary  to  be  able  to  a.i.ses,.;  A.'h  turn'V.'f,  rither'  t;,,.],  I us  i n,.  i .u,"e  ,;t..,.dv  state 
Tlie  initiil  word  w.i.s  tii'U'efore  me  t hod  a 1 og,  i c.  il  . A s imul  t .itieou.;  .nvsiV  tor  Aeli 
choline'  w.is.  deV''loped  for  us.e  in  con  j’iii''t  ioti  vjitii  ."riio-l  il"llin,’  ''.(-tmi  ,U".'- 
ir.e  isiir  ing,  ACh  turnover.  It  wi."-  ilso  ns';. 'ss.,  ii",’  'o  impr>V"  tlie  ii.i.'row.iV"  .'..I'li 
tf'chn  i q’K's  to  prevent:  po.st  mortem  ch.inres  in  lie'  levi'b:  ''f  A.'!;  .ir.ii  choliii'  . 


level 
ind 
I .r 


However,  tho  complicated  nature  of  t;.  ; net  i cc.  of  tin-  c!.f.’'n’  r ■ mi 

the  Lnabilit-/  to  dccurately  measure  the  specific  activity  t;.’  ' .i"- 

cursor  pool  makes  i ntei'pre tation  of  isotopic  '‘V|',er’Ii:i"nt s <jilii‘:uli.  ;■  i.  r. 
cherefore  undertaken  to  develop  an  alloi'nate  metliod  for'  ACh  turnoV'-r. 

Anotlier  approach  to  assessing  turnover  is  to  meas\jre  the  decline  of  AC!, 
levels  following  blockade  of  synthesis.  V/e  attemp.tcd  to  u:;e  the  chol  irr^-a';'*!',’- 
transferase  inliil'itor,  Irromoacetylcholi ne  for-  sudi  a metl.otl  but,  it  prcv''d  to 
be  unsuitable.  A second  approach  has  proved  valuable.  V.'e  and  cth’U'S  .lave 
shoi-.r  t!iat  intraventricular  administration  of  liemlcholini’a’n  - 3 (ii'J-3j  c-juse". 
a dose  and  time  dependent  decrease  in  ACh  levels  in  various,  brain  r'U’ions.  V.'or'; 
in  ott.er  laboratories  has  siiouTi  that  tiie  decline  is  dependent  on  and  p.rojror'  ioiial 
to  the  rate  of  firing  of  cholinergic  neurons.  T!i  ere  fore  , di'Ug  iiiduced  c'nang';c 
in  the  rate  of  !iC-3  induced  decline  of  ACh  levels  is  pixibably  proportional  to 
their  effect  on  cliolinergic  neui’ons  and  tliis  method  tlierefors-  cons  t i lute  j n. 
indirect  method  for  assessing  ACh  tuiviover.  V/e  liave  us.si  tl.e  ilC-3  meltiod  to 
measure  tlie  effect  of  morph i.ne  on  ACh  turnover-. 

12)  LTfect  of  morphine  and  ainrhetaiiiine  on  the  level  and  turii'jve!'  ol  ACh. 

Using  the  focused  microwave  system,  Joses  of  moi'pliine  .is  hig'n  as  123  mj’./kg 
did  not  produce  changes  in  levels  of  tlie  ACh  in  any  in^ain  j'>o)'ion  measui'"d.  Vie 
have  measured,  1 hr.  after  administration,  the  eff'>ct  of  2,  4,  B,  16,  32,  64 
and  128  mg/kg  of  morphine  on  ACh  turnover  in  sriecific  l.raiii  i-rgion  , . .’h'-r-' 

is  a large  and  very  signific.iiiL  (p  < .001)  dose  d-epenleiit'  d"';!'v.i;,e  in  i,:i" 
turnover  of  ACh  in  the  hippocampu;.;  and  i.ypot.ii.iJiim!.'.: ; thi-r.'  r:  .i  ::ni‘ h i , 

and  less  significant,  (p  •'  .10)  decreas.e  in  the  turtiov"!'  ol  Ali  iii  m; -l-l  i' i : li . 

The  livpothalamus  appears  to  1)0  mor-?  sen,;itive  than  eitiier  tlte  h ippocaiij;  u."  or 
mid  brain  ind  effects  of  morphine  appeal'  to  le  maximum  in  all  tiii’'C<!  at 

doses  of  IB  - 32  mg/kg.  Sui’prising.ly , morpiiine  does  not  'affect  ACh  turr.ovei’ 
in  the  striatuin.  The  decrease  in  turnover  of  the  ACh  induc'd  by  moritliine  is 
blocked  in  all  areas  1:)^^  pi'etreatment  of  the  .inimilr.  wi  tii  naloxone. 

We  liavp  also  lool.ei’.  at  the  time  causes  of  morg'hiiie  in  luced  ch  inge;'  it.  A-'i; 
turnover  following  eitiier  4 or  16  ing/kg.  I'rel  im  i nai"/  r'l'sults  indi'''.!t"  tliat  lli" 
efff!Cts  fol.lovring  H mg/kg  are  evident  froi:.  1 to  8 hr:'.,  altoi'  .rii:,  i iiis  t.i  i L ii.'ii , hut 

h.ive  ri  i:.;appeari*d  7 hrs  . after  .adnin  i tT-ation  of  t ne  drui'..  rol]o\;ing,  1'  mr,,/kg  , 

the  (lecrear.e  in  tui'iiovor’  persists  for  7-10  hr;;,  in  tl.e  mid-bi'ain  .ml  hvpo- 
thalamus  , tiut  it  appears  tint  there  may  l e i "r'.''boutui"  increase  in  ACh  t:ui  noV"i' 
in  the  h ip'poeanipu; . 

We  h.i've  ah'.o  me.iiuired  the  I'.ite  ol  high  aifinily  egoline  ijpt  il  e i/.-  :;yiMpto- 
so.sK'.'.  from  !i  i ppocatiipu:".  and  stri.itum  of  rats  given  morphine  yn  ho:  e:-  ol 

nerrh  i ne  of  eitlmr  16  oi'  32  :;ig/ki’.  1 not  aff'-et,  ch"line  u;  t.ike  1 ia'.  .liter 

admi  n i;;  tr.i  f i on  . 

Ctudi":;  'with  .imi  het.in.iii''  indicit"  t:;.it  tie'  .;ru:'  'in  imlue.'  s imuli  .in-  ",  a".  Iv 
i nci'. -ai'.es  .md  (lee.reas.e:;  in  the  T'Vel  of  A'.'h  . lid  ‘ i.,',  .'ii  ih"  .irea  ol  t'lie  br.ii:.. 

i’rel  imiirir','  j''sult:j  uiing  'le-  ll'-j  inetiiod  ini'.  iie  ih.it  Iho'.e  ar"  r;  v.-t-icli 
.;ho'w  .in  iner.'.i.-  ' iii  Mie  l'.''.'el  of  A'’h  .6  w ,i  -leefe, i. . in  ip,.  tuT-noV''!'  of  ACli 

(.triatum  .iri-i  mid.  i r-iln;)  md  t!,..  •-  u"  i.'  wliI  !i  h a d"M"  i in  l"V'  i.  ..|  A'  li 

.if.fi"  !t'  to  ha'/e  .1  iiicrei.'e  i ,.V';.  ' 


ur;.  /<•!'. 


the  limbic  forebrain. 

Althouk^h  tliese  studies  have  been  chiefly  supported  by  I’iiS  f’rant  MH-11468, 
the  data  are  pertinent  to  tills  proposal  as  they  drav-/  attention  to  the  crucial 
role  of  noradrenerj^ic  mechanisms  in  Chd  function  and  par'ticularly  in  the  mode 
of  action  of  amphetamine  - and  possiblv  LSD  - antagonists.  Tlie  studies  are 
thus  briefly  summarized: 

Because  the  limbic  forebrain  receives  ascending  norepinephrine  (h'L)  fibers 
originating  in  cell  bodies  of  the  pons  and  medulla  oblongata,  dopamine  filers 
from  the  A-10  region  and  5-HT  fibers  from  the  anterior  raphe  complex,  it  was 
of  Interest  to  know  wliether  or  not  an  adenylate  cyclase  system  sensitive  to 
1,  2,  or  all  3 of  the  putative  neurotransmitters  v;as  present  in  slices  of 
t'ne  limbic  forebrain.  Vie  found  that  slices  of  the  i‘at  limbic  forebrain  contain 
at  least  tv;o  different  cyclic  AMP  generating  systems:  1)  A noradrenergic 

system  which  responds  to  NE  (K^  approximately  5 pM : maximal  stimulation  occurriiig 

at  10  to  50  pM)  and  isoproterenol  (K.^  approximately  5 uM).  Although  the  rise 
of  the  nucleotide  elicited  by  isoproterenol  is  more  rapid  than  that  caused 
by  HE,  the  maximal  effect  is  less  than  half  of  that  induced  by  KE.  2)  An 
adenosine  dependent  system  (K^  approximately  30  pM).  The  noradrenergic  cyclic 
AMP  generating  system  in  the  limbic  forebrain  displays  a number  of  proi>crt. ies 
of  a central  NE  receptor:  It  develops  supersensitivity  to  ME  and  i soproter'mol 

following  prolonged  depr’ivation  of  NE  at  postsynaptic  sites  (chronic  treatment 
v.’itli  reserpine,  cheinosyinpathectomy  with.  6-OHDA,  surgical  denervation). 

VAien  noradrenergic  terminals  are  protected  froin  6-OiiDA  by  DM! , the  resror;s<;s  t_> 

ME  are  not  enhanced.  Responses  to  l.'E  are  blocked  by  both  propranolol  .ind 
phentolamine , v:h i le  responses  to  isoproterenol  are  blocked  by  propranolol  but 
not  iy  phentolamine.  V/riile  the  presence  of  classical  B-receptors  is  fairly  well 
established,  the  blockade  of  the  NE  response  by  phentolamine  does  iiot  noces;:.ir- 
ily  imply  tiie  presence  of  classical  a-receptors  as  a-stiinulants  , such  as  piionv- 
lophrine  and  clonidine , do  not  increase  the  level  of  the  nucleotide  in  this  area 
of  the  l.Tain.  The  adenosine  dependent  system  does  not  develop  supersen ; itivity 
after  centi’al  chemosympathectorm'  and  is  not  blocked  by  either  a-  cr  B-ap.tagi'ini  :*.."  . 
Interestingly,  dopamine,  (DA)  and  serotonin  (5J!T)  were  without  effi’ct  in  all 
concentrations  tested.  V/tiile  not  altering  the  basa]  level  of  the  mic-leol  i , 
clinically  effective  anti-psyciiotic  drugs  caused  a dose  deptuidcnt  iniiilsl.  ion  oi 
the  .limbic  noradronor-g  i c cyclic  AMP  re;;[)onse  with  c;lo;,:ap  i nc  and  i'.i" 

particularly  potent;  (lEi^g  O.OG  .uid  0.08  iiM  r'lSfx'c.ti  vely  ) . An  t i psveht,'!  ! c ding,-; 
do,  iiov)cvi’T',  not  afTect  cyclic  AMP  response;;  elicited  by  ad' 'no' ; i ii' ■ . 'ih"  I 

are  conipa  t i l;le  wi  tii  the  view  that  the  central  HE  r'seeptor  i;;  clo;:‘'ly  r'liLcd  to 
OT’  in.i'/  he  an  i nt'r'UU'al  pat't  of  an  adenylate  cycla:;e  i.i 'm  ,md  l.l;at  its  Moclad'' 
in  the  limbic  forebrain  by  antipsychotic  drug.s  m.iv  coniributii  to  tii'-'Ir  t.::i'r,ip.aii.  ic 
• ict  ion . 

!ior"  T’ccenr  stuli<;s  in  our  labor-i  i orios  iniV''  r"vcalcd  Ihi'  , i ndep.-n  I'Mit 
of'  tiio  actual  concentration  of  j'iE  in  brain,  .i  pet  ■;  i ■ . I "ii  t i:icri',i;;.;  ;n  i!i.' 
avrii  labil  i tv  of  NC  (MAO  inhibition,  hlockado  of  pres/naj' t i <;  neuronal  Ujjt.akc, 

ECT ) leads  to  a rtr'-irked  decrc'ase  in  tl.e  activity  of  the  ev'ilic  AMi  gencr.it  i n)> 
system.  Th"  re3ull;s.  provide  evidence  for  an  ailditioiiil  r'-g.ulaloi'y  mechanisan 
in  Hie  CiiTJ  involving  the  noradi’energ i c rccoj;tor  that  ad apt.s  i t.s  s>'!i;;itivi  i v 
to  Ni.i  in  a manner  invttrsely  related  to  the  degg'.'.;  of  its  si  iiiiul.it  ion  Iv  i!  " 
catecholamine.  On  the  pr.ictical  sido,  lhe  demons.trat  ed  I’creasel  i''act  i v i t v 
to  ME  following  ECT  may  provide  tlie  hiocheini  c.il  fa;i  fo?-  the  (5l  ' V''d  i;u  i- 
'■tiii'.n  Iv  ''‘T  ' ' i mu ' a 'or".’  .•'li"ii"d  ' '-I'.a  i- f .■  ‘i  ! .s  ii, 

Psychosxharmacologia , 35:  149,  1974)  and  provokes  some  novel  thoughts  on  the 
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